The highly interesting observation of Bainbridge (1911) that certain aerobic and facultative anaerobic bacteria of the gelatinliquefying and non-liquefying types are -of themselves unable to initiate decomposition of purified native proteins has been fully corroborated by Sperry and Rettger (1915) . The last-named authors have shown further that the putrefactive anaerobes B.
The highly interesting observation of Bainbridge (1911) that certain aerobic and facultative anaerobic bacteria of the gelatinliquefying and non-liquefying types are -of themselves unable to initiate decomposition of purified native proteins has been fully corroborated by Sperry and Rettger (1915) . The last-named authors have shown further that the putrefactive anaerobes B.
puttr flcus, B. oedematis (B. oedematis-malgni, Zopf) and B. Feseri (B. anthracis-symptomatici, Kruse) are likewise devoid of this property; and that the vegetable protein edestin, like egg and serum albumin, does not undergo disintegration by direct bacterial action. It was but natural to assume, therefore, that the protein nitrogen cannot be utilized by bacteria unless it is first simplified and made available for cell nutrition through the, action of a proteolytic enzyme, strong acid or alkali, or some other cleavage-producing agent.
Solutions of purified proteins were prepared by the methods now used in all biochemical laboratories and involving the-crystallization of the proteins. The test media were usually the same as those employed by Bainbridge, and contained the following ingredients, besides the protein; sodium chloride 0.5 per cent, sodium sulphate 0.2 per cent, calcium chloride 0.1 per cent and acid potassium phosphate 0.1 per cent. The only possible source of nitrogen was the protein, except in certain check tests in' which small amounts of peptone were employed. The solutions containing the purified proteins were sterilized by filtration through the laboratory Berkefeld.
The test media were inoculated from 24 hour slant agar cultures of the various organisms, with the special precaution of introducing only a small number of the bacteria and as little extraneous matter as possible. The fate of the bacteria and of the proteins was determined in three ways; first, by the plate method of determining the numbers of cultivable bacteria at the beginning of the experiments and after varying intervals or periods of incubation; second, by noting any change in the appearance of the media; and finally by determining the amount of coagulable protein at different times, during the course of the experiments.
The results obtained by Sperry and Rettger (1915) were so definite and consistent as to leave no doubt as to their significance. It was assumed that the purified proteins resisted decomposition by direct bacterial action because of their original or unchanged condition as native proteins; hence, sterilization by heat was to be avoided, as heating at coagulation temperature undoubtedly causes changes in the protein molecule.
The present investigation is in part a continuation of the work of Sperry and Rettger on the action of bacteria on purified proteins. Instead, however, of studying the behavior of bacteria toward unchanged (unheated) proteins, the experiments were conducted on test media containing coagulated egg albumin as the only possible source of nitrogen. The investigation also included a study of the behavior of bacteria toward proteoses and peptones, and of so-called "bacterial autolysis." I. THE BEHAVIOR OF BACTERIA TOWARD PURIFIED COAGULATED EGG ALBUMIN
The egg albumin was prepared by the method of Hopkins and Pinkus (1899) . The test medium containing the albumin and inorganic salts was the same as that used by Bainbridge and by Sperry and Rettger, with the exception that the medium was sterilized by heat and hence contained coagulated albumin. The methods of inoculation, incubation and determination of results were the same as those described in the earlier paper from this laboratory, (Sperry and Rettger, 1915) . Special attention was gi.ven to the enumeration of bacteria by the usual plate method immediately after inoculation and after definite periods of incubation at 300C. The results are givenT in the accompanying Tables I and II. With very few exceptions, the results show that there was little multiplication of the bacteria with which the medium was inoculated. An increase of 100 per cent, or even 1000 per cent, of the egg albumin. In fact, the liquid portion of the medium remained clear and colorless, and the medium could not be dis--tinguished from the uninoculated tubes, either by its appearance to the naked eye or by the odor. Control tubes containing the same ingredients plus 1 per cent peptone rapidly underwent marked change. The protein became involved and, in the tubes containing gelatin-liquefying organisms, was gradually digested. In every instance the liquid part of the medium soon became turbid, and frequently more or less colored (see Table II ). Tests were also conducted with anaerobes of the type of B. putrificus and B. oedematis, which are characterized by their strong proteolytic and putrefactive properties. No quantitative bacterial determinations were attempted with these anaerobes, however, and the observations were confined to a study of the physical characters of the medium. No change whatever could be noted in the medium; the clear liquid and the coagulated albumin remaining apparently unaffected even after three to four weeks of incubation. Inoculation of egg-meat medium from these tubes with the aid of a platinum loop clearly demonstrated the presence of putrefactive anaerobes by the rapid and characteristic decomposition which took place in the standard egg-meat medium.
II. THE BEHAVIOR OF BACTERIA TOWARD PROTEOSES AND PEPTONES
In text books and other bacteriological publications the assumption is made that proteoses and peptones are readily attacked by all known bacteria which are easily cultivated on artificial media. So firmly has "peptone" established itself as an important ingredient of the common and standard bacteriological laboratory media that its value as the source of nitrogen supply in the cell metabolism of bacteria is taken as a matter of course. It is true that meat extract which is practically protein-free is also looked upon as practically indispensable, but not because it furnishes food as such to the organisms. By many at least it is regarded as a stimulator of cell metabolism, due to the various extractives present.
It is one of the objects of this paper to show that proteoses and peptones follow essentially the same law of resistance to direct bacterial action as do the native proteins, egg albumin, serum albumin and edestin. While the scope of the investigation has as yet been somewhat limited, sufficient data appear to us to have been acquired to warrant their publication at this time.
It is a well-known fact that the proteoses and peptones resulting from the action of proteolytic agents like pepsin and trypsin upon native proteins, and indeed all proteoses and peptones, have thus far resisted all attempts to isolate or purify them. Hence, it has been impossible to employ all the methods of investigation in a study of their bacteriological-chemical relations which are applicable in connection with certain albumins, as for instance egg albumin. Peptones are now regarded as amino acid combinations of varying complexities, rather than proteins. Witte's peptone, which is essentially a mixture of albumoses and peptones, is far from being made up purely of these nitrogen complexes, although it has long been regarded as the standard for bacteriological purposes. The various American brands are undoubtedly even less pure than the Witte product. It does not follow, however, that they are of correspondingly less value as food for bacteria.
In our study of the behavior of various types of bacteria towards proteoses and peptones the Biuret test for proteins has been employed to great advantage. The method which has been advocated and used by Vernon (1904) . Peptone solutions containing from 0.2 to 2.0 per cent of Witte's peptone were at first employed as culture media for the different organisms, but it was soon found that the amount of peptone present should not exceed 0.25 per cent. When the peptone was used in higher concentration slight reductions in the amount of the proteins could not be detected, or at least could not be determined accurately. In the lower dilutions, however, the various degrees of decomposition were easily observed.
For the autolysis experiments standard peptone solutions were frequently employed for color comparison, while the work on the relation of the growth of different bacteria to proteoses and peptones involved the employment of the standard solution only as a check or control for the inoculated flasks. The results are not given in per cent, but are represented in the tables by 0, X, XX, XXX and XXXX. The first of these symbols, 0, indicates no reduction of the proteoses and peptones, as compared with the controls, X a slight decomposition, XX fair, XXX strong, and XXXX complete reduction of these soluble proteins. Besides the "peptone" the test media often contained other agents, as will be seen in the tables, namely ammonium sulphate, beef extract and glucose. Furthermore, all of the fluids contained 0.5 per cent of sodium chloride.
The results require but little comment. With few exceptions, no disappearance of albumoses and peptones could be noted in flasks which were inoculated with members of the colon-typhoid group of organisms, even after four weeks of incubation. In the flasks showing a reduction of the biuret reaction the apparent loss of the soluble proteins was slight, and may be accounted for by other factors than an actual decomposition by the bacteria with which they were inoculated. In all of these experiments the bacterial growths were fairly luxuriant, particularly when the test medium contained beef extract or ammonium sulphate. Even in those instances in which slight reduction of the soluble proteins was recorded, at least two weeks, and as arule three weeks or more, were required to show the apparent reduction.
The above experiments are being repeated. Similar tests are also being made with media containing peptone and the ingredients of the Uschinsky medium, with soluble purified casein, or nutrose and with dialyzed proteoses. Thus far results similar to those already recorded have been obtained. These will constitute part of a future publication from this laboratory.
The results given in Table IV are in marked contrast to the preceding. The pronounced and rapid decomposition, of the soluble proteins left no doubt as to the ability of gelatin-liquefying bacteria to convert them into products wbich no longer give the biuret reaction. Sp. cholerae and Staphylococcus aureus were, however, much less active than the others. It may be of interest to note the sparing action of glucose on the proteoses and peptones in the flasks which were incubated at 37°C. At room temperature (20°C.) the protein-sparing action did not last beyond the first two weeks.
III. BACTERIAL AUTOLYSIS
The term "autolysis" has been used somewhat indiscriminately by bacteriologists. Whether it is to denote actual decomposition of the intracellular proteins by the action of the bacteria themselves, or of certain enzymes, or whether it is meant to signify merely a liberation of intracellular substances without change in their chemical structure, is often left undetermined. The word has for many years had definite significance, however, in biochemical literature, carrying with it the idea of self-digestion, as the term implies. This can, of course, be its only true meaning.
It has frequently been shown that real bacterial autolysis is a common phenomenon in organisms of the Bacillus prodigiosus and Bacillus pyocyaneus type which elaborate strong proteolytic enzymes (Rettger, 1904; Levy and Phersdorff, 1902) , especially under conditions of food deprivation and relatively high temperatures. It is to be questioned, however, whether the so-called "autolysis" of cultures of B. coli and B. typhi during long incubation, and the liberation of endotoxin, as claimed by some investigators (Conradi, 1903 In the following experiments 1 cubic centimeter of autolyzed material or of bacterial suspensions which had been incubated long enough to allow of self-digestion, was added to 5 cc. of purified egg albumin, to Witte's peptone and to purified proteose. Biuret tests were made after definite periods of incubation at 37°C. In each experiment the original biuret reaction is the same for all of the flasks including the control. The above tables show clearly the ability of bacteria to digest themselves. This property appears to be confined, however, to organisms which are known to elaborate a proteolytic enzyme the gelatin-liquefying group. Not only do the organisms of this group rapidly destroy their own protein under favorable conditions of autolysis, but they readily attack and decompose egg albumin, peptones and partially purified proteoses when the autolyzing materials are brought in contact with these foreign proteins.
On the other hand, the gelatin-non-liquefying organisms employed in these experiments were unable to effect any change in the protein content of the respective suspensions, at least in so far as may be judged by the biuret tests. Furthermore, other proteins, when added to the bacterial suspensions after periods of preliminary incubation, remained unaffected. In every instance where the test was satisfactorily carried out the quality and degree of color obtained in the biuret test remained unchanged, as is readily seen by comparisons with the controls or with the standard peptone solution.
Autolysis of the bacterial cells was always accompanied by a change in the staining properties of the individual organisms. In many cases, as for example in the complete autolysis of B. subtilis material, the bacilli took on only a faint color; and the presence of numerous fine granules presented a picture far from the normal. A difference in staining properties was also occasionally observed in the organisms of the B. coli type, but this was never marked, and was not due to actual destruction of the cell protein, as was shown always by the biuret test. The change was due to some process other than autolysis, as for instance "washing" or "laking" of the bacterial cells. The slight reduction in the amount of "peptone" which was observed in a few instances may have been due to agents other than enzymes or bacterial cells, as for instance acids and ammonia. It is significant that such reductions did not become apparent until at least two to three weeks after the time of inoculation. These slight losses in the soluble proteins, if they were losses, usually occurred in flasks containing luxurious growths, and may possibly be due to adsorption by the bacteria and other suspended matter and by the walls of the flasks which were more or less coated. The possibility of the occurrence of small amounts of a proteolytic enzyme having the properties of erepsin (Cohnheim, 1901 , Vernon, 1904 ) cannot be ignored. However, if such an enzyme is produced by organisms of the B. coli and B. typhi type it is of little importance, as no indications of any proteolytic action whatever were apparent during the first two weeks, and since only very minute quantities can be produced even under the most favorable cultural conditions. The statement that purified albumin and dialyzed proteoses were not attacked even by gelatin-liquefying bacteria if the test fluids were inoculated with few organisms taken from very young cultures may appear at first paradoxical. The results, which are in harmony with those of Bainbridge and the earlier investigations in this laboratory on purified albumins, readily admit of an explanation. When the test medium contains no other possible source of nitrogen for cell metabolism besides the purified protein it is not attacked by any bacteria unless a sufficient amount of the inoculating material is introduced to carry with it the necessary enzyme to bring about cleavage of the protein. In a medium containing nitrogen which is directly available, bacterial multiplication will take place, though the number of bacteria introduced is small. If such a medium also contains protein, and if the organism is one which under favorable conditions elaborates a proteolytic enzyme, the protein undergoes cleavage as the result of the enzyme action. These points have been demonstrated repeatedly.
What are some of the important sources of nitrogen available for bacterial metabolism without the aid of an enzyme? Our attention will naturally be directed to amino acids which in animal physiology are now known to play such an important part in nutrition. Witte's peptone contains amino acids which may be demonstrated readily by any of the well-known tests, particularly the S6rensen method (S6rensen, 1908) . The amount of amino acids present in the American brands of peptone is considerably greater than in the Witte product. This undoubtedly explains why we have consistently obtained more luxuriant, though not necessarily more characteristic, bacterial growths in media which contained the American products than in the standard Witte.
It appears at this time indeed probable that so-called "peptone media" largely owe their value as culture media to the amino acids and perhaps other nitrogenous substances which readily give up their nitrogen as the result of direct bacterial action, and unless bacteria are present which elaborate proteolytic enzymes, little if any of the proteoses and peptones in the medium is utilized. Indeed it may be necessary for us to go even further than this, and to adopt the view that the bacterial cell can not utilize any protein until after it has been broken up by some other agent and the nitrogenous portion converted into simple form. If this view should obtain it will be necessary for us to alter materially our conception of the value of peptone, nutrose, and other soluble as well as insoluble proteins as culture media, especially in so far as the group of gelatin-non-liquefying bacteria is concerned.
